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An analog-to-digital conversion circuit includes a plurality of 
comparators and an averaging circuit. The averaging circuit is 
configured so that a length of a metal routing connected 
between output terminals of two comparators arranged on a 
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length of a metal routing connected between output terminals 
of two comparators arranged on a rightmost side from among 
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ANALOG-TO-DIGITAL CONVERSION 
CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application priority under 35 U.S.C. S 119 to Korean 
Patent Application No. 10-2009-0004245, filed on Jan. 19, 
2009, in the Korean Intellectual Property Office, which is 
incorporated by reference in its entirety herein. 

BACKGROUND 

1. Technical Field 
Embodiments of the inventive concept relate to a data 

conversion circuit, and more particularly, to an analog-to 
digital conversion circuit. 

2. Discussion of Related Art 
An analog-to-digital conversion circuit may include a plu 

rality of analog blocks arranged in parallel with one another, 
which compare applied analog data Voltages with reference 
Voltages. However, the analog blocks may have a degraded 
linearity because of an offset error that may be generated 
during the manufacturing thereof. 
An analog-to-digital conversion circuit may use an offset 

averaging technique to minimize performance degradation 
due to the offset error. In the technique, phase compensation 
is performed between adjacent analog blocks. When resistors 
are used in the technique, a reference Voltage is included and 
a dummy block is inserted on both output ends of the analog 
blocks connected to each other in parallel, so that an averag 
ing effect may be induced. 
A Mobius band type averaging technique with a feedback 

loop may be used to satisfy low-power/small-area character 
istics of an analog-to-digital conversion circuit. However, the 
Mobius band type averaging technique still degrades the lin 
earity of the analog-to-digital conversion circuit because of a 
parasitic resistance component generated due to metal rout 
ing at both ends of the analog blocks. 

SUMMARY 

An analog-to-digital conversion circuit includes a com 
parator array and an averaging circuit according to an exem 
plary embodiment of the inventive concept. The comparator 
array includes a plurality of comparators for comparing a 
plurality of reference Voltages with analog data, respectively, 
and for outputting logic signals based on results of the com 
parisons. The averaging circuit includes a plurality of metal 
routings for compensating for offsets generated in at least part 
of the logic signals output from the plurality of comparators. 
A length of a metal routing connected between an output 
terminal of a comparator to which a minimum reference 
Voltage from among the plurality of reference Voltages is 
input and an output terminal of a comparator to which a 
maximum reference Voltage from among the plurality of ref 
erence Voltages is input may be less than a length of a metal 
routing connected between output terminals of two compara 
tors to which reference Voltages that are closest magnitude 
from among the plurality of reference Voltages are input, 
respectively. 
The comparator to which the minimum reference Voltage 

from among the plurality of reference Voltages is input and 
the comparator to which the maximum reference Voltage 
from among the plurality of reference Voltages is input may 
be arranged adjacent to either end of the comparator array. 
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2 
The length of the metal routing connected between the 

output terminal of the comparator to which the minimum 
reference voltage from among the plurality of reference volt 
ages is input and the output terminal of the comparator to 
which the maximum reference Voltage from among the plu 
rality of reference voltages is input may be half the length of 
the metal routing connected between the output terminals of 
the two comparators to which reference Voltages that are 
closest in magnitude from among the plurality of reference 
Voltages are input, respectively. 
An analog-to-digital conversion circuit includes a refer 

ence Voltage generation circuit, a comparator array, and an 
averaging circuit according to an exemplary embodiment of 
the inventive concept. The reference Voltage generation cir 
cuit outputs a plurality of reference Voltages. The comparator 
array includes a plurality of comparators for comparing the 
plurality of reference Voltages with analog data, respectively, 
and for outputting logic signals based on results of the com 
parisons. The comparators to which low reference Voltages 
from among the plurality of reference Voltages are input 
alternate with comparators to which high reference Voltages 
from among the plurality of reference Voltages are input. The 
averaging circuit includes at least one metal routing con 
nected between output terminals of odd ordered comparators 
from among the plurality of comparators and at least one 
metal routing connected between output terminals of even 
ordered comparators from among the plurality of compara 
tOrS. 

The averaging circuit may further include a first metal 
routing connected between output terminals of a first pair of 
comparators arranged on one end of the comparator array and 
a second pair of comparators arranged on the other end of the 
comparator array. A length of the first and second metal 
routings connected between the output terminal may be less 
than a length of the at least one metal routing connected 
between the output terminals of the odd ordered comparators 
from among the plurality of comparators and a length of the at 
least one metal routing connected between the output termi 
nals of the even ordered comparators from among the plural 
ity of comparators. 
The length of the first and second metal routings may be 

half a length of the at least one metal routing connected 
between the output terminals of the odd ordered comparators 
from among the plurality of comparators and a length of the at 
least one metal routing connected between the output termi 
nals of the even ordered comparators from among the plural 
ity of comparators. The plurality of comparators may com 
pare the plurality of reference Voltages with a positive analog 
Voltage of a pair of differential analog data Voltages of the 
analog data and a negative analog Voltage of the pair, respec 
tively, and the output logic signals may then include positive 
and negative logic signals. 
An analog-to-digital conversion circuit includes a plurality 

of comparators and an average circuit according to an exem 
plary embodiment of the inventive concept. The averaging 
circuit is configured so that a length of a metal routing con 
nected between output terminals of two comparators 
arranged on a leftmost side from among the plurality of com 
parators or a length of a metal routing connected between 
output terminals of two comparators arranged on a rightmost 
side from among the plurality of comparators is less than a 
length of a metal routing connected between output terminals 
of two comparators to which reference Voltages that are clos 
est in magnitude are input. 
The analog-to-digital conversion circuit may have a flash 

type structure, a pipeline type structure, a folding type struc 
ture, oran interpolation type structure. Each comparator may 
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have first-third input terminals and first-second output termi 
nals, where each of the first input terminals receives a positive 
analog Voltage, where each of the second input terminals 
receives a negative analog Voltage, and where adjacent pairs 
of the third input terminals respectively receive high and low 5 
reference voltages. The low reference voltages are different 
from one another, the high reference voltages are different 
from one another, and the low reference voltages are lower 
than the high Voltages. The first output terminals output a first 
differential voltage based on the input positive analog Voltage 10 
and the input reference Voltage, and the second output termi 
nals output a second differential Voltage based on the input 
negative analog Voltage and the input reference Voltage. One 
of the two comparators may receive the highest of high ref 
erence Voltages and the other of the two comparators receives 15 
the lowest of the low reference voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention will be 20 
more clearly understood from the following detailed descrip 
tion taken in conjunction with the accompanying drawings in 
which: 

FIG. 1 is a schematic circuit diagram of a comparator array 
of an analog-to-digital conversion circuit; 25 

FIG. 2 is a schematic circuit diagram of an analog-to 
digital conversion circuit according to an exemplary embodi 
ment of the inventive concept; 

FIG. 3 is a schematic circuit diagram of an analog-to 
digital conversion circuit according to an exemplary embodi- 30 
ment of the inventive concept; 

FIG. 4 is an graph showing a comparison between results of 
simulations performed on an analog-to-digital conversion cir 
cuit of FIG. 1 and analog-to-digital conversion circuits 
according to embodiments illustrated in FIGS. 2 and 3; and 35 

FIG. 5 is an exemplary graph showing a comparison 
between the linearity of an analog-to-digital conversion cir 
cuit of FIG. 1 and the linearity of an analog-to-digital con 
version circuits according to embodiments illustrated in 
FIGS. 2 and 3. 40 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

FIG. 1 is a schematic circuit diagram of a comparator array 45 
11 of an analog-to-digital conversion circuit. Referring to 
FIG. 1, the analog-to-digital conversion circuit includes a 
plurality of comparators 11-1 through to 11-m which are 
included in comparator array 11, and an averaging circuit 12. 
The averaging circuit 12 compensates for an offset that may 50 
be generated by one of a plurality of logic signals LS1, LS2, 
through to LSm output by the comparators 11-1 through to 
11-m, respectively. 
When a resistor is inserted between respective outputter 

minals of the comparators 11-1, 11-2, through to 11-m, metal 55 
routing lengths between adjacent resistors may be identical to 
one another to minimize a variation in an averaging resistor 
value caused due to a parasitic resistance component of metal. 
Although the resistance component of metal may vary, the 
resistance component is typically proportional to the length L 60 
of the resistor and inversely proportional to the width W of the 
resistor. 
As illustrated in FIG. 1, a comparator 11-1 and a compara 

tor 11-m to which a minimum reference Voltage (for example, 
Vref1) and a maximum reference Voltage (for example, 65 
Vrefm) from among a plurality of reference voltages Vref1 
through Vrefm are input, respectively, are arranged on both 

4 
end portions of the comparator array 11, respectively. The 
remaining comparators 11-2 through 11-(n-1) are sequen 
tially arranged between the comparator 11-1 and the com 
parator 11-m. 

However, if the comparator array 11 is configured as illus 
trated in FIG. 1, a metal routing length L2 between an output 
terminal of the first comparator 11-1 and an output terminal of 
the m-th comparator 11-in may be significantly longer than a 
metal routing length L1 between the output terminals of other 
adjacent comparators. 

According to this configuration, the linearity of a final 
output of the analog-to-digital conversion circuit may be 
degraded. In particular, when high-speed analog data is pro 
cessed, resistance-capacitance (R-C) delay caused due to the 
parasitic resistance component may lead to a reduction of a 
Signal to Noise and Distortion Ratio (SNDR) or Spurious 
Free Dynamic Range (SFDR) of the analog-to-digital con 
version circuit. 

FIG. 2 is a schematic circuit diagram of an analog-to 
digital conversion circuit 20 according to an exemplary 
embodiment of the inventive concept. Referring to FIG. 2, the 
analog-to-digital conversion circuit 20 may include a refer 
ence Voltage generator 21, a comparator array 22, an averag 
ing circuit 23, and an encoder 24. 
The reference Voltage generator 21 may generate and out 

put a plurality of reference voltages Vref1 through Vrefm. 
The reference Voltage generator 21 may include a resistor 
string (not shown) for generating the plurality of reference 
voltages Vref1 through Vrefm. The resistor string may 
include a plurality of resistors serially connected between a 
first voltage (for example, a ground Voltage) and a second 
voltage (for example, a power supply voltage) to generate the 
plurality of reference voltages Vref1 through Vrefm. The 
reference voltages Vref1 through Vrefm may be input to a 
plurality of comparators 22-1, 22-2, through to 22-m, respec 
tively, which are included in the comparator array 22. 

For example, if the analog-to-digital conversion circuit 20 
outputs N-bit (where N denotes a positive integer) digital 
data, the resistor String included in the reference Voltage 
generator 21 may include 2Y resistors connected between the 
first Voltage (for example, the ground Voltage) and the second 
Voltage (for example, the power Supply Voltage). Accord 
ingly, (2'-1) reference Voltages having magnitudes between 
the magnitudes of the first Voltage (for example, the ground 
Voltage) and the second Voltage (for example, the power 
Supply Voltage) may be generated and output to the compara 
tors 22-1, 22-2, through to 22-m, respectively. The (2Y-1) 
reference voltages may be different from one another. For 
example, each Subsequent reference Voltage may be twice or 
half the voltage of each current reference voltage. 

In an alternate embodiment, if the first voltage (for 
example, the ground Voltage) and the second Voltage (for 
example, the power Supply Voltage) are used as reference 
voltages, (2^+1) reference voltages may be output from the 
reference Voltage generator 21. 
As described above, the comparator array 22 may include 

a plurality of comparators 22-1 through 22-m. The compara 
tors 22-1 through 22-m may compare the reference Voltages 
Vref1 through Vrefm, respectively, output from the reference 
Voltage generator 21 with analog input data Voltage Vin, and 
output logic signals LS1 through LSm based on results of the 
comparisons, respectively. 

For example, the first comparator 22-1 may compare the 
analog input data Voltage Vin with the first reference Voltage 
Vref1 and output the logic signal LS1 based on a result of the 
comparison. If the analog input data Voltage Vin is less than 
the first reference voltage Vref1, the first comparator 22-1 
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may output a logic signal LS1 having a first level (for 
example, a low level). Alternately, if the analog input data Vin 
is greater than the first reference voltage Vref1, the first com 
parator 22-1 may output a logic signal LS1 having a second 
level (for example, a high level). 
As illustrated in FIG. 2, the comparators 22-1 through 

22-m included in the comparator array 22 are not arranged in 
the order of reference Voltage magnitude but are arranged so 
that a comparator to which a low reference Voltage is input 
alternate with a comparator to which a high reference Voltage 
is input. A comparator (for example, the comparator 22-1) to 
which a lowest reference voltage (for example, Vref1) from 
among the reference voltages Vref1 through Vrefm is input 
may be arranged on either end of the comparator array 22. A 
comparator (for example, the comparator 22-m) to which a 
highest reference Voltage (for example, Vrefm) from among 
the reference voltages Vref1 through Vrefm is input may be 
arranged adjacent to the comparator to which the lowest 
reference voltage from among the reference voltages Vref1 
through Vrefm is input. Next, a comparator to which the 
second lowest reference Voltage (for example, Vref2) is input 
may be arranged, and a comparator to which the second 
highest reference Voltage is input is arranged next to the 
comparator to which the second lowest reference Voltage is 
input. 

For example, if7 (2-1) comparators (e.g., m=7) are used 
to output 3-bit digital data, the 7 comparators may be 
arranged in the order of a first comparator, a seventh com 
parator, a second comparator, a sixth comparator, a third 
comparator, a fifth comparator, and a fourth comparator. 

In FIG. 2, the comparator array 22 includes the m com 
parators 22-1 through 22-m, and the comparators 22-1 
through 22-m are arranged so that comparators to which low 
reference Voltages are input and comparators to which high 
reference Voltages are input alternate in this order. The num 
ber of comparators, m, may be associated with the number 
(for example, N) of bits of digital data which is to be output. 
For example, m=2'-1. 
The averaging circuit 23 may compensate for an offset that 

may be generated in the output of one of the comparators 22-1 
through 22-m. As illustrated in FIG. 2, the averaging circuit 
23 may include a plurality of resistors each connected 
between the output terminals of comparators to which two 
reference Voltages having adjacent magnitudes are applied 
(e.g., see L11). As illustrated in FIG. 2, the averaging circuit 
23 may further include a resistor connected between the out 
put terminals of the first comparator 22-1 and the m-th com 
parator 22-m (e.g., see L12). Accordingly, a metal routing 
length L12 between the output terminals of the first compara 
tor 22-1 and the m-th comparator 22-m is less than (e.g., about 
half) the other metal routing lengths L11, and thus a linearity 
error due to a parasitic resistance component may be reduced. 
The encoder 24 may encode the logic signals LS1 through 

LSm output from the comparator array 22 to generate digital 
data. In an alternate embodiment, the encoder 24 may further 
perform an operation for thermometer coding the logic sig 
nals LS1 through LSm. 
The averaging circuit 23 may include at least one metal 

routing connected between output terminals of odd ordered 
comparators from among the plurality of comparators and at 
least one metal routing connected between output terminals 
of even ordered comparators from among the plurality of 
comparators. 

FIG. 3 is a schematic circuit diagram of an analog-to 
digital conversion circuit 30 according to an exemplary 
embodiment of the inventive concept. Referring to FIG.3, the 
analog-to-digital conversion circuit 30 is Substantially the 
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6 
same as the analog-to-digital conversion circuit 20 of FIG. 2, 
and is different therefrom in that differential analog input 
signals Vinp and Vinninput to each of a plurality of compara 
tors 32-1 through 32-m cause differential output signals 
Voutip and Voutin (where 1 sism, idenotes a positive inte 
ger) output from each of the comparators 32-1 through 32-m 
to form a differential pair. Therefore, an influence oftemporal 
overshoot may be reduced. 
The averaging circuit 33 may include a plurality of resis 

tors each connected between the positive output terminals of 
comparators to which two reference Voltage having adjacent 
magnitudes are applied (e.g., see first L21), and a plurality of 
resistors each connected between the negative output termi 
nals of the comparators to which two reference Voltage hav 
ing adjacent magnitudes are applied (e.g., see second L21). 
The averaging circuit 33 may further include resistors con 
nected between the output terminals of a comparator (for 
example, the comparator 32-1) to which a minimum refer 
ence Voltage (for example, Vref1) from among a plurality of 
reference voltages Vref1 through Vrefm output from a refer 
ence Voltage generator 31 is input and the output terminals of 
a comparator (for example, the comparator 32-m) to which a 
maximum reference Voltage (for example, Vrefm) from 
among the reference voltages Vref1 through Vrefm is input 
(e.g., see L31 and L32). 

For example, as illustrated in FIG. 3, a resistor may be 
connected between a positive output terminal of the first 
comparator 32-1 and a positive output terminal of the second 
comparator 32-2 (see e.g., first L21), and a resistor may be 
connected between a negative output terminal of the first 
comparator 32-1 and a negative output terminal of the second 
comparator 32-2 (see e.g., second L21). In addition, each 
comparator 32-i (where 1 sism, idenotes a positive integer) 
outputs a positive output Voltage Voutip (where 1 sism, i 
denotes a positive integer) and a negative output Voltage 
Voutin (where 1 sism, i denotes a positive integer). How 
ever, in an alternate embodiment, each comparator 32-i may 
output a logic signal based on the positive output Voltage 
Voutip (where 1 sism, i denotes a positive integer) and a 
logic signal based on the negative output Voltage Voutin 
(where 1 sism, i denotes a positive number). 

In an alternate embodiment, the encoder 34 may generate 
the logic signals based on the positive output Voltage Volutip 
(where 1 sism, idenotes a positive integer) and the negative 
output Voltage Voutin (where 1 sism, i denotes a positive 
integer) and output digital data of a predetermined number of 
bits based on the logic signals. Metal routing lengths L31 and 
L32 connected between the output terminals of the first com 
parator 32-1 and the output terminals of the m-th comparator 
32-m of the analog-to-digital conversion circuit 30 are less 
than (e.g., about half) the other metal routing lengths L21, and 
thus a linearity error due to a parasitic resistance component 
may be reduced. The lengths of L31, L32 and L21 may not be 
drawn to scale in FIG. 3. For example, while length L31 
appears smaller than length L32 in FIG. 3, lengths L31 and 
L32 may be the same or similar length. Further, while length 
L32 appears larger than half the length L21 in FIG. 3 and 
length L31 appears smaller than half the length L21 in FIG.3, 
lengths L31 and L32 may behalf or about half the length L21. 
The analog-to-digital conversion circuits of FIG.2 and FIG.3 
may have a flash type structure, a pipeline type structure, a 
folding type structure, or an interpolation type structure, etc. 

FIG. 4 is an exemplary graph showing a comparison 
between results A of simulations performed on an analog-to 
digital conversion circuit of FIG. 1 and results B of an 
embodiment of the analog-to-digital conversion circuits 20 
and 30 illustrated respectively in FIGS. 2 and 3. Referring to 
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FIGS. 2 through 4, a pre-layout simulation of FIG. 4 shows 
results of simulations performed on the output signals of the 
comparator arrays 22 and 32, which are ideal because they do 
not include a parasitic resistance component generated due to 
metal routing, and a post-layout simulation shows a simula 
tion result with respect to an output signal in which RC delay 
caused by metal routing is included. 
As shown in FIG. 4, embodiments of the analog-to-digital 

conversion circuits 20 or 30 may reduce the influence of 
parasitic RC compared with the analog-to-digital conversion 
circuit of FIG. 1, thereby generating output signals close to 
the pre-layout simulation result. 

FIG. 5 is an exemplary graph showing a comparison 
between the integral non-linearity A of the analog-to-digital 
conversion circuit of FIG. 1 and the integral non-linearity B of 
an embodiment of the analog-to-digital conversion circuits 20 
and 30 illustrated respectively in FIGS. 2 and 3. Referring to 
FIGS. 2 through 5, the analog-to-digital conversion circuits 
20 and 30 have improved linearity compared with the analog/ 
digital conversion circuit of FIG. 1. 

While the inventive concept has been particularly shown 
and described with reference to exemplary embodiments 
thereof, it will be understood that various changes inform and 
details may be made therein without departing from the spirit 
and scope of the disclosure. 
What is claimed is: 
1. An analog-to-digital conversion circuit comprising: 
a comparator array comprising a plurality of comparators 

for comparing a plurality of reference Voltages with an 
analog signal, respectively, and for outputting logic sig 
nals based on results of the comparisons; and 

an averaging circuit comprising a plurality of metal rout 
ings for compensating an offset in at least one of the 
logic signals output from the plurality of comparators, 

wherein a length of a metal routing connected between an 
output terminal of a first comparator of the comparators 
to which a minimum reference Voltage from among the 
plurality of reference Voltages is input and an output 
terminal of a second comparator of the comparators to 
which a maximum reference Voltage from among the 
plurality of reference Voltages is input is less than a 
length of a metal routing connected between outputter 
minals of the first comparator and a third one of the 
comparators receiving one of the reference Voltages hav 
ing a level closest in magnitude to the minimum refer 
ence Voltage, 

wherein the second comparator is adjacent both the first 
and third comparators. 

2. The analog-to-digital conversion circuit of claim 1, 
wherein the first comparator and the second comparator are 
arranged adjacent to either end of the comparator array. 

3. The analog-to-digital conversion circuit of claim 2, 
wherein the length of the metal routing connected between 
the output terminal of the first comparator and the output 
terminal of the second comparator is half the length of the 
metal routing connected between the output terminals of the 
first comparator and the third comparator. 

4. The analog-to-digital conversion circuit of claim 1, 
wherein the analog-to-digital conversion circuit has one of a 
flash type structure, a pipeline type structure, a folding type 
structure, or an interpolation type structure. 

5. The analog-to-digital conversion circuit of claim 1, 
wherein the plurality of reference voltages are different from 
one another. 

6. The analog-to-digital conversion circuit of claim 1, fur 
ther comprising an encoder to encode the logic signals output 
from the comparator array to generate digital data. 
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7. An analog-to-digital conversion circuit comprising: 
a reference Voltage generation circuit for outputting a plu 

rality of reference Voltages; 
a comparator array comprising a plurality of comparators 

for comparing the plurality of reference Voltages with 
analog data, respectively, and for outputting logic sig 
nals based on results of the comparisons, wherein com 
parators to which low reference Voltages from among 
the plurality of reference Voltages are input alternate 
with comparators to which high reference Voltages from 
among the plurality of reference Voltages are input; and 

an averaging circuit comprising at least one metal routing 
connected between output terminals of odd ordered 
comparators from among the plurality of comparators 
and at least one metal routing connected between output 
terminals of even ordered comparators from among the 
plurality of comparators, 

wherein the plurality of comparators compare the plurality 
of reference Voltages with a positive analog Voltage of a 
pair of differential analog data Voltages of the analog 
data and a negative analog Voltage of the pair, respec 
tively, and the output logic signals include positive and 
negative logic signals. 

8. The analog-to-digital conversion circuit of claim 7. 
wherein the high reference voltages are all higher than the low 
reference Voltages. 

9. The analog-to-digital conversion circuit of claim 7. 
wherein the reference voltages are different from one another. 

10. The analog-to-digital conversion circuit of claim 7. 
further comprising an encoder to encode the logic signals 
output from the comparator array to generate digital data. 

11. The analog-to-digital conversion circuit of claim 7. 
wherein: 

the averaging circuit further comprises a first metal routing 
connected between output terminals of a first pair of 
comparators arranged on one end of the comparator 
array and a second metal routing connected between 
output terminals of a second pair of comparators 
arranged on the other end of the comparator array, 

wherein a length of the first and second metal routings is 
less than a length of the at least one metal routing con 
nected between the output terminals of the odd ordered 
comparators from among the plurality of comparators 
and a length of the at least one metal routing connected 
between the output terminals of the even ordered com 
parators from among the plurality of comparators. 

12. The analog-to-digital conversion circuit of claim 11, 
wherein the length of the first and second metal routings is 
half a length of the at least one metal routing connected 
between the output terminals of the odd ordered comparators 
from among the plurality of comparators and a length of the at 
least one metal routing connected between the output termi 
nals of the even ordered comparators from among the plural 
ity of comparators. 

13. The analog-to-digital conversion circuit of one of claim 
7, wherein the analog-to-digital conversion circuit has one of 
a flash type structure, a pipeline type structure, a folding type 
structure, or an interpolation type structure. 

14. An analog-to-digital conversion circuit comprising: 
a plurality of comparators receiving a respective one of a 

plurality of different reference voltages; and 
an averaging circuit configured so that a length of a metal 

routing connected between output terminals of two com 
parators arranged on a leftmost side from among the 
plurality of comparators or a length of a metal routing 
connected between output terminals of two comparators 
arranged on a rightmost side from among the plurality of 
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comparators is less than a length of a metal routing 
connected between output terminals of two of the com 
parators to which reference Voltages that are closest in 
magnitude are input, 

wherein each comparator has first-third input terminals and 
first-second output terminals, 

wherein each of the first input terminals receives a positive 
analog Voltage, 

wherein each of the second input terminals receives a nega 
tive analog Voltage, 

wherein adjacent pairs of the third input terminals respec 
tively receive high and low reference voltages, the low 
reference voltages being different from one another, the 
high reference Voltages being different from one 
another, and the low reference Voltages being lower than 
the high Voltages. 

wherein the first output terminals output a first differential 
Voltage based on the input positive analog Voltage and 
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the input reference Voltage, and wherein the second out 
put terminals output a second differential Voltage based 
on the input negative analog Voltage and the input refer 
ence Voltage. 

15. The analog-to-digital conversion circuit of claim 14, 
wherein the analog-to-digital conversion circuit has one of a 
flash type structure, a pipeline type structure, a folding type 
structure, or an interpolation type structure. 

16. The analog-to-digital conversion circuit of claim 14, 
further comprising a reference Voltage generator configured 
to generate the high and low reference Voltages. 

17. The analog-to-digital conversion circuit of claim 14, 
wherein one of the two comparators receives the highest of 
the high reference Voltages and the other of the two compara 
tors receives the lowest of the low reference voltages. 


